Abstract Si-based membrane RCE photodetectors were introduced. The RCE photodiodes were fabricated on silicon membranes formed from SOI substrate. Compared with the conventional p-i-n photodiode, the responsivity has a threefold enhancement.
dielectric mirrors. These devices had polycrystalline silicon absorbing layers due to the amorphous seed layer, resulting high dark currents. Later, many efforts have been made to form crystal Si RCE photodiodes. J. D. Schaub et al. employed a merged epitaxial layer overgrowth process to form the absorption region on top of the buried DBR 3 . M. K. Emsley et al. reported a RCE Si photodetector fabricated on a reflecting SOI substrate 4 . The substrate with two-period DBR was formed using double-SOI process. S. S. Murtaza et al. fabricated a RCE Si photodiode using a SiGe/Si DBR as the buried mirror 5 . But the above processes were complicated. Our group have reported SiGe MQWs RCE photodetector with the buried SiO 2 layer in the SOI substrate as one of the mirrors of the resonant cavity 6 . The reflectivity of the mirrors can not be optimized because the single-SiO 2 -layer was used as one of the two mirrors of the cavity. In order to realize high reflectivity bottom mirror, we fabricated RCE photodetector using wafer bonding techniques 7 .
In this paper, we introduce our efforts on fabrication of Si-based membrane RCE photodetectors, including Ge quantum dots and Si RCE photodetectors. Fig.1 shows the structure of the Ge quantum dots RCE photodetector 8 . The materials of Ge islands were grown by ultrahigh vacuum chemical vapor deposition (UHV-CVD) on (100) oriented n-type bonded and etched-back silicon-on-insulator (BE-SOI) substrates. The RCE p-i-n photodetector was fabricated by standard photolithography and chemical etching technology.
After the mesa and electrodes were formed, the back side of the silicon slice was thinned to 120µm. Then it was etched with 1µm plasma-enhanced chemical vapor deposition-deposited SiO 2 as mask layers on both sides of the slices to form the membrane. The SiO 2 /Si Bragg reflectors were deposited by e-beam evaporation method on the surface and the back of samples.
The current-voltage characteristic of the RCE photodetector was measured by HP 4140B
amperemeter. The dark current density at 5 V reverse bias is 5.1×10 -7 µA/µm 2 .
The responsivity of the RCE photodetector under reverse bias of 5 V is shown in Fig.2 . The light from a 1.55 µm tunable laser with a tuning range from 1540 to 1635 nm was coupled into a single-mode optical fiber, then aligned to the optical window of the photodetector normally and the electric signals were collected by amperemeter. The peak responsivity at 1543.8 nm is 0.028 mA/W and the FWHM is 5 nm. Compared with the responsivity of 0.01 mA/W of p-i-n Ge islands detector without high reflectivity bottom and top mirrors, the responsivity of RCE detector is enhanced nearly three times. Fig.3 showed the cross structure of the Si membrane RCE photodiode. Commercial SOI materials fabricated by bonding technology and back thinning were used. The handle and device Si layers are n-type with a resistivity of 3-5Ω/cm. The thickness of the buried dioxide layer was 200nm and the surface Si layer was 2.18µm. With the handle silicon layer thinned to 120µm, a hole was formed by etching from the backside with the buried oxide layer serving as the etch-stop layer. After the hole was formed the buried SiO 2 layer was etched using HF solution, followed by P + implantation to form ohmic contact layer in the hole. At the surface a p-type layer was formed by B + implantation. Then a mesa was fabricated by RIE, and the p-type contact electrode was evaporated on the mesa. Lastly, a gold layer was formed serving both as the n-type contact electrode and the bottom mirror at the back side. The surface of the mesa can be used as the top mirror of the RCE photodiodes due to the large difference of refractive index between Si and the air.
The current-voltage characteristics of 180-µm-diameter RCE photodiodes were measured using a HP4140B pA meter. The dark current density was 6.3×10 A/µm 2 at -4V bias. Fig.4 showed the measured external quantum efficiency of the diode as well as the simulated result. The quantum efficiency of a conventional Si p-i-n photodiode with the same absorbing layer thickness also was shown in Fig.4 for comparison. An external quantum efficiency of 33.8% at resonant wavelength of 848nm and a FWHM of 17nm were obtained. The responsivity was 4.6 times of the theory value for a conventional p-i-n photodiode with the same absorbing layer thickness. It would be pointed out that in order to simplify the fabrication process, the reflectivity of the mirrors had not been optimized. If the reflectivity of the surface mirror was optimized according to the equation, R 1 =R 2 e -2αd , (R 2 is the reflectivity of the bottom mirror, α is the absorption coefficient, d is the thickness of the absorption layer), the photodiode would have a maximum responsivity 9 , and a FWHM of 3nm and quantum efficiency of 80% could be achieved.
In order to obtain higher responsivity, same structure Si membrane RCE photodetector with active layer of 5µm was fabricated. Fig.5 showed the responsivity of the photodetector. A peak responsivity of 0.35A/W at 854nm and a FWHM of 9nm were obtained. In summary, Ge quantum dots and Si membrane RCE photodetectors were introduced. The responsivity has a marked enhancement. The effort to improve the speed of the photodetector was underway. Fig.2 Responsivity of the Ge island RCE photodetector under bias of -5V. Fig.1 The cross-section sketch of the Ge is membrane RCE detector. 
